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(57) ABSTRACT 

When a driver of a vehicle brings his/her detection part close 
to a case, a sensor detects a pulse of the driver at the detection 
part with an optical method, and takes an image of the detec 
tion part. An individual certification means determines 
whether the driver of the vehicle is an authorized person or not 
based on the image of the detection part taken by the sensor. 
An alcohol concentration determiner calculates an index 
value of a blood alcohol concentration of the driver based on 
the pulse detected at the detection part by the sensor, and 
determines whether the index value exceeds a criterial value 
of a drinking assessment. When it is determined that the 
driver of the vehicle is an authorized person and the index 
value does not exceed the criterial value of the drinking 
assessment, a permission means permits the driver to start an 
engine of the vehicle. 
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ENGINE STARTING CONTROLLER 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on and incorporates herein 
by reference Japanese Patent Application No. 2008-204187 
filed on Aug. 7, 2008. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an engine starting 
controller. 
0004 2. Description of Related Art 
0005. In order to prevent drunken driving, a technology, 
which detects a drunken state of a driver and prohibits starting 
of an engine of a vehicle if the detected drunken State is equal 
to or higher than a predetermined criterion, is known (see 
JP7-009924A and JP2007-186124A, for example). More 
over, in order to prevent thefts of vehicles, another technology 
is known. The technology takes an image of a driver's face 
etc. with a camera, determines whether the driver is an autho 
rized person or not by comparing the taken image with a 
registered image that has been registered in advance, and 
prohibits the driver from starting an engine of a vehicle if it is 
determined that the driver is not the authorized person. 
0006. It is possible to combine the engine starting prohi 
bition/permission system based on the drunken state of a 
driver and the engine starting prohibition/permission system 
based on an individual certification of a driver. 
0007. However, in the combined system, a sensor for 
detecting the drunken state of a driver and the camera for 
taking the image of the driver's face are installed at different 
positions. Therefore, a configuration of the system becomes 
complicated. 

SUMMARY OF THE INVENTION 

0008. The present invention is made in view of the above 
mentioned problem. Thus, it is an objective of the present 
invention to simplify a configuration of a system that controls 
prohibition and permission of starting of an engine based on 
a detection of a drunken state of a driver and an individual 
certification of the driver. 
0009. To achieve the objective of the present invention, 
there is provided an engine starting controller mounted on a 
vehicle. The engine starting controller has a sensor, a case, an 
individual certification means, an alcohol concentration 
determiner and a permission means. The sensor detects a 
pulse of a driver of the vehicle at a detection part of a body of 
the driver with an optical method, and takes an image of the 
detection part. The sensor is installed in the case. The indi 
vidual certification means determines whether the driver of 
the vehicle is an authorized person or not based on the image 
of the detection part taken by the sensor. The alcohol concen 
tration determiner calculates an index value of a blood alco 
hol concentration of the driver based on the pulse detected at 
the detection part by the sensor, and determines whether the 
index value exceeds a criterial value of a drinking assessment 
or not. The permission means permits the driver to start an 
engine of the vehicle when it is determined by the individual 
certification means that the driver of the vehicle is the autho 
rized person and it is determined by the alcohol concentration 
determiner that the index value does not exceed the criterial 
value of the drinking assessment. The sensor is configured to 
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detect the pulse of the driver at the detection part and to take 
the image of the detection part when the driver brings the 
detection part close to the case. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010. The invention, together with additional objectives, 
features and advantages thereof, will be best understood from 
the following description, the appended claims and the 
accompanying drawings in which: 
0011 FIG. 1 is a block diagram showing a configuration of 
an engine starting controller according to a first embodiment 
of the present invention; 
0012 FIG. 2 is a perspective view showing an optical 
detector unit; 
0013 FIG.3 is a diagram showing the optical detector unit 
on which a finger of a driver is placed; 
0014 FIG. 4 is a plan view showing the optical detector 
unit, 
0015 FIG. 5 is a cross-sectional view showing the optical 
detector unit, which is taken along a line V-V in FIG. 4; 
0016 FIG. 6 is a diagram showing an installation position 
of the optical detector unit; 
0017 FIG. 7 is a flowchart of a program performed by a 
control unit; 
0018 FIG. 8 is a flowchart showing a pulse wave measur 
ing process at step S110 in the flowchart of FIG. 7: 
0019 FIG. 9 is a graph showing a pulse wave signal out 
putted by a light receiving element in response to a light 
having a wavelength of 1300 nm, 
0020 FIG. 10 is a flowchart showing a blood alcohol 
concentration detecting process at step S150 in the flowchart 
of FIG.7: 
0021 FIG. 11 is a graph showing an experimental result of 
a variation of an output value of the pulse wave signal; 
0022 FIG. 12 is a graph showing calculation results of a 
waveheight ratio between a waveheight of a pulse wave signal 
in response to a light having a first wavelength and a wave 
height of a pulse wave signal in response to a light having a 
second wavelength under the same blood alcohol concentra 
tion; 
0023 FIG. 13 is a graph showing measurement results of 
the waveheight ratio of the pulse wave signals under different 
blood alcohol concentrations; 
0024 FIG. 14 is a graph showing experimental results of a 
relation between the waveheight ratio of the pulse wave sig 
nals and the blood alcohol concentration; 
0025 FIG. 15 is a flowchart of a program performed by a 
control unit of an engine starting controller according to a 
second embodiment of the present invention; 
0026 FIG. 16 is a flowchart of a program performed by a 
control unit of an engine starting controller according to a 
third embodiment of the present invention; and 
0027 FIG. 17 is a graph showing interpolation processes 
for calculating pulse intervals per unit time. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

First Embodiment 

0028. A first embodiment of the present invention will be 
described hereafter. FIG. 1 shows a configuration of an engine 
starting controller 1 according to the first embodiment. The 
engine starting controller 1 is mounted on a vehicle, and 
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includes an ignition Switch 2, an engine start Switch 3, an 
optical detector unit 4, an input device 5, a display device 6, 
and a control unit 7. 

0029. The ignition switch 2 switches on an ignition of the 
vehicle in accordance with control signals sent from the con 
trol unit 7. When the ignition is switched on, electric power 
Supply to apparatuses installed in the vehicle, which include 
a passenger compartment air conditioner, a vehicle naviga 
tion apparatus, an audio player and a radio receiving set, is 
started. The engine start Switch 3 starts an engine of the 
vehicle in accordance with control signals sent from the con 
trol unit 7. 

0030 The optical detector unit 4 is an element that detects 
pulse wave of a driver at a body part (hereafter referred to as 
a detection part) of the driver by using an optical method, and 
takes photographs of the detection part. 
0031. The input device 5 receives user's operations, and 
outputs signals, which correspond to the received user's 
operations, to the control unit 7. The display device 6 displays 
visual information (characters, images, etc.) and outputs 
Sounds to the user in accordance with control signals sent 
from the control unit 7. The display device 6 may include, for 
example, a liquid crystal display of the navigation apparatus, 
a display device on an instrument panel, a loudspeaker, etc. 
0032. The control unit 7 includes a CPU, RAMs, ROMs, 
flash memories (rewritable non-volatile memory devices), 
etc. The CPU reads out various programs memorized in the 
ROMs, spreads the programs on the RAMs, and executes the 
programs. In executing the programs, the CPU receives sig 
nals from the optical detector unit 4 and the input device 5 as 
needed, and controls the ignition Switch 2, the engine start 
switch 3 and the display device 6 as needed. In the following 
descriptions, processes performed by the CPU are regarded as 
processes performed by the control unit 7. The processes 
performed by the control unit 7 will be described later in 
detail. 

0033. Next, the optical detector unit 4 will be described in 
detail referring to FIGS. 1-6. FIG. 2 is a perspective view 
showing an appearance of the optical detector unit 4. FIG.3 is 
a diagram showing a state in which a finger 50 of a driver is 
placed on the optical detector unit 4. FIG. 4 is a plan view 
showing the optical detector unit 4 seen from its top side 
(from a side on which the finger 50 is placed). FIG. 5 is a 
cross-sectional view of the optical detector unit 4 on which 
the finger 50 is placed, which is taken along a line V-V in FIG. 
4. FIG. 6 is a diagram showing an installation position of the 
optical detector unit 4. 
0034. The optical detector unit 4 includes a case 40, a 
camera 41, a light emitting elements group 42 and a light 
receiving element 43. As shown in FIGS. 2, 5, a top surface of 
the case 40 has a depressed portion 40a, 40b on which the 
finger 50 of a driver is placed. As shown in FIG. 3, when the 
finger 50 is placed on the depressed portion 40a, 40b, the 
finger 50 is supported by a shape of the depressed portion 40a, 
40b so as to inhibit a side-to-side movement of the finger 50. 
0035. The depressed portion 40a, 40b includes a proximal 
side depressed portion 4.0a and a detection window 40b. The 
proximal side depressed portion 4.0a is opposed to a proximal 
side of the finger 50 placed thereon. The detection window 
40b is opposed to a cushion of a fingertip (an example of the 
detection part) of the finger 50. The detection window 40b is 
a translucent member made of glass, resin, etc. The remainder 
portion of the case 40, which includes the proximal side 
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depressed portion 40a, is made of opaque resin (or semitrans 
lucent resin having a light transmittance lower than that of the 
detection window 40b), etc. 
0036. The light emitting elements group 42 includes two 
or more light emitting elements such as LEDs. In accordance 
with control signals sent from the control unit 7, the light 
emitting elements irradiate the fingertip of the finger 50 with 
a monochromatic light having a first wavelength (870 nm, for 
example) or a monochromatic light having a second wave 
length (1300 nm, for example). 
0037. The camera 41 is an image sensors group Such as a 
CCD camera for taking images in a fingertip area of the finger 
50 placed on the detection window 40b. The camera 41 out 
puts the taken images of the fingertip to the control unit 7. 
Specifically, when the light emitting elements group 42 irra 
diates the fingertip with a light, the camera 41 takes an image 
with the light that has passed through an inside of the fingertip 
and enters into the camera 41. Therefore, a pattern of veins 52 
of the finger 50 comes out on the image, which is taken by the 
camera 41 when the light emitting elements group 42 irradi 
ates the fingertip with the light. 
0038. The light receiving element 43 is served by a pho 
todiode etc. When a light, which is emitted from the light 
emitting elements group 42 to the fingertip of the finger 50. 
has, passed through the inside of the fingertip and has come 
out into the light receiving element 43, the light receiving 
element 43 detects an amount of the light. As the detected 
amount of the light becomes larger, the light receiving ele 
ment 43 impresses a larger output Voltage (output signal) onto 
the control unit 7. 
0039. When the fingertip (detection part) is irradiated with 
a light by the light emitting elements group 42, the light 
incident upon small arteries 51 in the detection part is 
absorbed by blood constituents (for example, hemoglobin, 
blood alcohol, other blood constituents of which concentra 
tions change as blood alcohol concentration changes, etc.) 
that flows through the small arteries 51. The remainder of the 
light is reflected and scattered in in-vivo tissue, and is par 
tially received by the light receiving element 43. Quantities of 
the blood constituents in the small arteries 51 change in 
accordance with pulsations of the small arteries 51. There 
fore, an amount of the light absorbed by the blood constitu 
ents also changes in accordance with the pulsations. As a 
result, a value (Voltage) of the output signal of the light 
receiving element 43 changes in accordance with the pulsa 
tions of the Small arteries. In this manner, the light receiving 
element 43 detects the pulse wave in the fingertip with an 
optical method, and outputs signals, which change in accor 
dance with the detections, to the control unit 7. 
0040. As shown in FIG. 5, the camera 41, the light emitting 
elements group 42 and the light receiving element 43 are 
installed in an inside of the case 40. Specifically, the camera 
41, the light emitting elements group 42 and the light receiv 
ing element 43 are arranged directly below the detection 
window 40b. Therefore, in a state where the finger 50 is 
placed on the depressed portion 40a, 40b, the cushion of the 
fingertip of the finger 50 is opposed to the members 4143 so 
as to interpose the detection window 40b therebetween. 
0041 More specifically, the camera 41 is located closer to 
the proximal side depressed portion 4.0a (to a proximal side of 
the finger 50) than the light emitting elements group 42 and 
the light receiving element 43. The light emitting elements 
group 42 is located farther from the proximal side depressed 
portion 4.0a than the camera 41 (closer to a distal end of the 
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finger 50 than the camera 41). The light emitting elements 
group 42 is located closer to the proximal side depressed 
portion 4.0a than the light receiving element 43. The light 
receiving element 43 is located farther from the proximal side 
depressed portion 4.0a than the light emitting elements group 
42. 

0042. Therefore, as indicated by arrows 81 in FIG. 5, the 
camera 41 takes the images with a light that has passed 
through a proximal side portion in the fingertip, and the light 
receiving element 43 receives a light that has passed through 
a distal side portion in the fingertip. 
0043 A target of detection by the light receiving element 
43 is the pulse wave in the small arteries 51. The small arteries 
51 lie more than the veins 52 in the distal side portion in the 
fingertip of the finger 50. The veins 52 lie more than the small 
arteries 51 in the proximal side portion in the fingertip of the 
finger 50. Therefore, as mentioned above, the light receiving 
element 43 for detecting the pulse wave is located closer to the 
distal side portion in the fingertip of the finger 50, which is 
placed in the depressed portion 40a, 40b, than the camera 41 
for taking the images of the veins 52. Therefore, the light 
receiving element can securely detect the pulse wave, and the 
camera 41 can take images of the veins 52 with accuracy. 
0044) Moreover, the depressed portion 40a, 40b is shaped 
as a general shape of a cushion of a human's finger. Therefore, 
as shown in FIG. 3, when the finger 50 is placed in the 
depressed portion 40a, 40b, the cushion of the fingertip cov 
ers the detection window 40b. Accordingly, a light 61 from an 
external system such as Sun 60 (namely, a light generated 
outside the optical detector unit 4) hardly passes through the 
detection window 40b to reach the camera 41 and the light 
emitting elements group 42. 
0045. It is desirable to install the optical detector unit 4 at 
a position on which the driver sitting on a driver's seat can 
naturally place his/her finger in the passenger compartment. 
By installing the optical detector unit 4 at Such a position, it is 
possible to perform the engine starting control based on an 
individual certification and a detection of blood alcohol con 
centration, which will be described later, just by performing a 
simple operation of bringing the finger 50 close to the optical 
detector unit 4 and placing the finger 50 on the depressed 
portion 40a, 40b after the driver has seated on the driver's 
Seat. 

0046 For example, as shown in FIG. 6, the optical detector 
unit 4 may be installed on a driverside Surface of a grip of a 
steering wheel 55. In this case, if the driver only grips the 
steering wheel 55, a thumb of the driver is placed in the 
depressed portion 40a, 40b of the optical detector unit 4. 
Therefore, if the driver only performs operations necessary 
for driving the vehicle, it is also possible to perform opera 
tions necessary for the individual certification and the detec 
tion of blood alcohol concentration at the same time. 
0047 Next, an operation of the control unit 7 will be 
described hereafter. The control unit 7 executes a program 
100 shown in a flowchart of FIG.7 so as to perform the engine 
starting control based on the individual certification and the 
detection of the blood alcohol concentration. 
0048. The control unit 7 starts executing the program 100 
when the driver operates the input device 5 to command a start 
of the engine starting control, for example. In this case, the 
driver brings his/her finger 50 close to the optical detector unit 
4, and puts the finger 50 on the case 40 so as to place the finger 
50 in the depressed portion 40a, 40b. Then, the driver operates 
the input device 5 by using another finger (for example, a 
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finger of another hand than a hand having the finger 50) in 
order to command the, start of the engine starting control. 
0049. Alternatively, the engine starting controller 1 may 
have a proximity sensor (not shown) for detecting proximity 
of a finger to the depressed portion 40a, 40b of the case 40. In 
this case, the control unit 7 starts executing the program 100 
in response to a signal sent from the proximity sensor when 
the finger comes in proximity to the depressed portion 40a, 
40b of the case 40. 
0050. In executing the program 100, firstly at step S110, 
the control unit 7 performs measurements of the pulse wave 
with the light emitting elements group 42 and the light receiv 
ing element 43. Specifically, as shown in FIG. 8, the control 
unit 7 repeats the measurements of the pulse wave with a light 
having a first wavelength (see Step S111) and the measure 
ments of the pulse wave with a light having a second wave 
length (see step S113) by turns for a predetermined measure 
ment time (for example, 10 seconds, 40 seconds, etc) (see step 
S115). A time necessary for performing one measurement of 
the pulse wave with the light having the first wavelength or the 
light having the second wavelength is Sufficiently shorter than 
the predetermined measurement time (for example, one-tenth 
the predetermined measurement time or less), and is suffi 
ciently shorter than an ordinary human's pulse period (for 
example, one-tenth the period of the normal human pulse 
wave or less). For example, the time necessary for performing 
one measurement of the pulse wave is 50 milliseconds. 
Accordingly, it is possible to perform both of a detection of 
the pulse wave with the light having the first wavelength and 
a detection of the pulse wave with the light having the second 
wavelength approximate at the same pulse timing. 
0051. In performing the detection of the pulse wave with 
the light having the first wavelength, the control unit 7 con 
trols the light emitting elements group 42 to emit the light 
having the first wavelength. Accordingly, the light having the 
first wavelength goes through the detection window 40b into 
the inside of the distal side portion of the fingertip of the finger 
50. A part of the light, which has not been absorbed in the 
small arteries 51, reaches the light receiving element 43. At 
this time, the control unit 7 records in the RAMs together with 
current time information a signal (specifically a Voltage 
value) outputted from the light receiving element 43 as a pulse 
wave signal at that timing in response to the light having the 
first wavelength. 
0052. In an analogous fashion, in performing the detection 
of the pulse wave with the light having the second wave 
length, the control unit 7 controls the light emitting elements 
group 42 to emit the light having the second wavelength. 
Accordingly, the light having the second wavelength goes 
through the detection window 40b into the inside of the distal 
side portion of the fingertip of the finger 50. A part of the light, 
which has not been absorbed in the small arteries 51, reaches 
the light receiving element 43. At this time, the control unit 7 
records in the RAMs together with current time information a 
signal (specifically a Voltage value) outputted from the light 
receiving element 43 as a pulse wave signal at that timing in 
response to the light having the second wavelength. 
0053 When the predetermined measurement time is 
elapsed (YES at step S115), the control unit 7 calculates a 
waveheight and a pulse interval of each wave, which corre 
sponds to one pulse, in the pulse wave signal that is sequen 
tially recorded in response to the light having the first wave 
length. Then, the control unit 7 sequentially records the 
calculated pulse intervals (see step S117). 
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0054 Then, the control unit 7 calculates a waveheight and 
a pulse interval of each wave in the pulse wave signal that is 
sequentially recorded in response to the light having the sec 
ond wavelength. Then, the control unit 7 sequentially records 
the calculated pulse intervals (see step S119). Accordingly, a 
process at step S110 in the flowchart of FIG. 7 completes. 
Then, the control unit 7 perform step S120. 
0055 As an example of the pulse wave signal that is 
sequentially recorded, FIG. 9 shows the pulse wave signal 
outputted from the light receiving element 43 in response to a 
light having a wavelength of 1300 nm. In FIG.9, a horizontal 
axis indicates time (milliseconds), and a vertical axis indi 
cates the value (specifically the voltage value) of the pulse 
wave signal. As shown in FIG. 9, the pulse wave signal of 
ordinary human has a shape in which a wave, which corre 
sponds to one pulse, is periodically repeated. A difference 62 
between a maximum value and a minimum value of the pulse 
wave signal in one wave is referred to as the waveheight, and 
a time interval 63 between peaks of two adjoining waves is 
referred to as the pulse interval. 
0056. A method for calculating the waveheight and the 
pulse interval of each wave from the pulse wave signal in the 
predetermined measurement period is common known. For 
example, the method is described in JP2003-290164A, 
JP2003-047601A that corresponds to US2002/0183627A1, 
and JP2003-339651A. 
0057 For example, local maximum values (peaks) and 
local minimum values (bottoms) of the pulse wave signal are 
detected first. Then, among the detected peaks and bottoms, a 
difference between a value of one bottom and a value of a 
peak, which is Subsequent to the one bottom, is regarded as 
the waveheight of one wave. Then, a time interval from a peak 
to the next peak is regarded as one pulse interval. Local 
maximum values other than the largest local maximum value 
and local minimum values other than the Smallest local mini 
mum value in the one wave are excluded from the detection of 
the peak and the bottom. 
0058. At step S120 in the flowchart of FIG. 7, the control 
unit 7 determines whether the pulse wave signal is a living 
human's pulse wave signal or not, based on either or both of 
the measured waveheights and the measured pulse intervals 
of the pulse wave signal. This determination acts as a deter 
mination of whether the fingertip placed on the detection 
window 40b is a living human's fingertip or not. 
0059 For example, if an average value of the pulse inter 
vals of either or both of the pulse wave signal in response to 
the light having the first wavelength and the pulse wave signal 
in response to the light having the second wavelength is 
within a predetermined pulse interval range, it is possible to 
determine that the fingertip is a living human's fingertip. 
Otherwise, it is possible to determine that the fingertip is not 
a living human's fingertip. As the predetermined pulse inter 
Val range, it is possible to adopt a range that is probable as 
human's pulse interval (for example, a range of 0.3 second to 
2 seconds). 
0060 Alternatively, it is also possible to determine that the 
fingertip is a living human's fingertip if an average value of 
the pulse intervals of either or both of the pulse wave signal in 
response to the light having the first wavelength and the pulse 
wave signal in response to the light having the second wave 
length is within the predetermined pulse interval range and if 
an average value of the waveheights of either or both of the 
pulse wave signal in response to the light having the first 
wavelength and the pulse wave signal in response to the light 
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having the second wavelength is within a predetermined 
waveheight range. Otherwise, it is possible to determine that 
the fingertip is not a living human's fingertip. As the prede 
termined waveheight range, it is possible to adopt a range that 
is probable as the waveheight of human's pulse. 
0061. If it is determined at step S120 that the fingertip is a 
living human's fingertip, step S130 is performed next. If it is 
determined at step S120 that the fingertip is not a living 
human's fingertip, the process proceeds to step S180. 
0062. At step S130, a control process for the individual 
certification is performed. Specifically, the control unit 7 
controls the light emitting elements group 42 to irradiate the 
finger 50 with a light having a wavelength of 900 nm or 
shorter (for example, 870 nm), which is suitable for taking 
images of veins. The light having the wavelength of 900 nm or 
shorter is either of the light having the first wavelength and the 
light having the second wavelength. At the same time, the 
control unit 7 controls the camera 41 to take an image of the 
proximal side portion of the fingertip of the finger 50. Accord 
ingly, the camera 41 outputs the image taken with the light 
that has passed through the proximal side portion of the 
fingertip of the finger 50 where the veins 52 lie, to the control 
unit 7. The control unit 7 receives the taken image. Therefore, 
a vein pattern in the proximal side portion of the fingertip of 
the finger 50 comes out on the image received by the control 
unit 7. 

0063. Then, at step S140, the control unit 7 determines 
whether the finger 50, which is taken in the image, is a 
properly registered person's finger or not, based on the taken 
image of the vein pattern. Specifically, the taken image is 
compared with each of registered vein pattern image(s) in the 
proximal side portion of the fingertip of the properly regis 
tered person. The registered vein pattern image(s) may be one 
person's vein pattern image or may be images of two or more 
persons' vein pattern images, and are recorded in a flash 
memory of the control unit 7 in advance. 
0064. If there is a registered vein pattern image of which a 
degree of agreement with the taken image is greater than a 
predetermined value, it is determined that the finger is a 
properly registered person's finger. Otherwise, it is deter 
mined that the finger is not a properly registered person's 
finger. Each of the registered vein pattern images is associated 
with identification information (name, identification code, 
etc.) of an authorized driver who corresponds to the registered 
vein pattern image, and is recorded in the flash memory 
together with the identification information. When it is deter 
mined that the finger is a properly registered person's finger, 
the control unit 7 identifies the identification information that 
corresponds to the registered vein pattern image of which a 
degree of agreement with the taken image is greater than the 
predetermined value. Then, the control unit 7 determines that 
the current driver is an authorized driver who corresponds to 
that identification information. 
0065. The registered vein pattern images are recorded in 
the flash memory by the following methods, for example. 
First, an authorized driver of the vehicle places his/her finger 
50 in the depressed portion 40a, 40b of the case 40. Then, the 
authorized driver operates the input device 5 to register his/ 
her vein pattern image and to input his/her identification 
information. In response to the operation to register the vein 
pattern image, the control unit 7 controls the optical detector 
unit 4 and the camera 41 as step S130. By controlling the 
optical detector unit 4 and the camera 41, the control unit 7 
receives the vein pattern image in the proximal side portion of 
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the fingertip of the authorized driver, which is taken by and 
outputted from the camera 41. Then, the control unit 7 records 
the vein pattern image as a registered vein pattern image in the 
flash memory together with the identification information 
inputted by the authorized driver. 
0066. If it is determined at step S140 that the finger 50 is a 
properly registered person's finger, step S145 is performed 
next. If it is determined at step S140 that the finger 50 is not a 
properly registered person's finger, the process proceeds to 
step S180. 
0067. At step S145, the control unit 7 controls the ignition 
Switch 2 so as to Switch on an ignition of the vehicle. 
0068. Next, blood alcohol concentration of the driver is 
detected at step S150. Specifically, a waveheight ratio 
between the waveheight of the pulse wave signal in response 
to the light having the first wavelength and the waveheight of 
the pulse wave signal in response to the light having the 
second wavelength at the same pulse timing is calculated. 
Based on this calculation result, it is determined that the 
driver is in a drunken state or not. 
0069 FIG.10 shows a blood alcohol concentration detect 
ing process at step S150 in detail. In performing step S150, 
firstly at step S151, the control unit 7 calculates the wave 
height ratio for every pair of the waveheights of the pulse 
wave signals in response to the lights having the first and 
second wavelengths, which are recorded at step S110. 
0070 The waveheight ratio of a pair of the waveheights of 
the pulse wave signals in response to the lights having the first 
and second wavelengths in the same pulse (at the same pulse 
timing) is H1/H2. Here, H1 is a waveheight of one wave in the 
pulse wave signal in response to the light having the first 
wavelength. H2 is a waveheight of a wave in the pulse wave 
signal in response to the light having the second wavelength, 
which is detected at the same pulse timing as the one wave in 
the pulse wave signal in response to the light having the first 
wavelength. If a turn of a wave in a sequence of waves in the 
pulse wave signal in response to the light having the first 
wavelength recorded at step S110 is the same as a turn of a 
wave in a sequence of waves in the pulse wave signal in 
response to the light having the second wavelength recorded 
at step S110, it is determined that the two waves are detected 
at the same pulse timing. 
(0071. Then, at step S153, it is determined whether a cen 
tral value of the waveheight ratios calculated at step S151 is 
greater than a criterial waveheight ratio (an example of a 
criterial value of drinking assessment) or not. If the central 
value of the waveheight ratios is greater than the criterial 
waveheight ratio, step S157 is performed next. Otherwise, 
step S155 is performed next. As the central value of the 
waveheight ratios, a mean value of the waveheight ratios may 
be used. The criterial wave height ratio will be described later. 
At step S155, it is determined that “the driver had no alcohol 
drinking', and the process at step S150 in the flowchart of 
FIG. 7 completes. 
0072 At step S157, the blood alcohol concentration is 
calculated based on the above-mentioned central value. Then, 
at step S159, it is determined that “the driver had alcohol 
drinking', and the process at step S150 in the flowchart of 
FIG. 7 completes. 
0073. In this manner, if the central value of the waveheight 
ratios of the waveheights of the pulse wave signals in 
response to the lights having the first and second wavelengths, 
which are detected at the same pulse timing, is greater than the 
criterial waveheight ratio, it is determined at step S150 that 
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“the driver had alcohol drinking’. If the central value of the 
waveheight ratios is not greater than the criterial waveheight 
ratio, it is determined at step S150 that “the driver had no 
alcohol drinking’. If it is determined that “the driver had 
alcohol drinking, the blood alcohol concentration is calcu 
lated. The central value of the waveheight ratios of the wave 
heights of the pulse wave signals in response to the lights 
having the first and second wavelengths, which are detected at 
the same pulse timing, increases as the blood alcohol concen 
tration increases, and decreases as the blood alcohol concen 
tration decreases. Therefore, the central value of the wave 
height ratios is used as an index value of the blood alcohol 
concentration. A validity of using the waveheight ratio as the 
index value of the blood alcohol concentration will be 
described later. 
0074. Subsequent to step S150, it is determined at step 
S160 whether a driving by the driver is permissible or not. 
Specifically, if it is determined at step S150 that “the driver 
had alcohol drinking”, it is determined at step S160 that the 
driving by the driver is not permissible, and the process pro 
ceeds to step S180. If it is determined at step S150 that “the 
driver had no alcohol drinking, it is determined at step S160 
that the driving by the driver is permissible, and the process 
proceed to step S170. 
0075. At step S170, the engine is started by controlling the 
engine start switch 3, and the execution of the program 100 
completes. 
0076. At step S180, a process for prohibiting driving is 
performed, and the execution of the program 100 completes. 
At step S180, the display device 6 may notify that the driver 
is not permitted to drive the vehicle, for example. In this case, 
if the blood alcohol concentration of the driver has been 
calculated at step S150, the display device 6 may display at 
step S180 the value of the calculation result. Alternatively, 
only a process of completing the program 100 may be per 
formed at step S180. Even in this case, it is possible to avoid 
the engine starting process at Step S170 by performing step 
S180. Therefore, a process for prohibiting driving is substan 
tially realized. 
0077. By executing the above-described program 100, the 
control unit 7 measures at step S110 the pulse wave signals 
with the light emitting elements group 42 in the fingertip of 
the driver placed on the detection window 40b of the optical 
detector unit 4. Then, it is determined at step S120 whether 
the finger is a living human's finger or not based on the pulse 
wave signals. If the finger is a living human's finger, the 
individual certification process is performed at step S130 with 
the camera 41. Next, it is determined at step S140 whether the 
driver is a properly registered person or not based on the result 
of the individual certification process. 
0078 If the driver is a properly registered person, the 
ignition of the vehicle is switched from OFF to ON at step 
S145. Next, at step S150, the pulse wave signals are measured 
with the light having the first wavelength and the light having 
the second wavelength, and the index value of the blood 
alcohol concentration is obtained based on the measured two 
pulse waves. Then, it is determined at step S160 whether 
driving by the driver is permissible or not based on the cal 
culated index value of the blood alcohol concentration. It the 
driving by the driver is permissible, the engine is started at 
step S170. 
0079 If it is determined that the finger placed on the detec 
tion window 40b is not a living human's finger (NO at step 
S120), or if it is determined that the driver is not a properly 
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registered person (NO at step S140), the engine is not started 
(see step S180). Therefore, it is possible to inhibit an outsider 
from stealing the vehicle. 
0080 Even if the driver is a properly registered person 
(YES at step S140), the engine is not started (see step S180) 
if the index value of the blood alcohol concentration of the 
driver is a value at which driving is not permissible (NO at 
step S160). Therefore, it is possible to prevent the driver from 
drunken driving. In this case, however, the driver is a properly 
registered person, and the ignition has been Switched on at 
step S145. Therefore, even if a properly registered person is 
drunken, the properly registered person can activate and use 
in-vehicle apparatuses such as the passenger compartment air 
conditioner, the vehicle navigation apparatus, the audio 
player and the radio receiving set until the battery electric 
power of the vehicle runs out. 
0081 Moreover, the control unit 7 uses the pulse wave 
signals measured at step S110 to determine whether the finger 
placed on the detection window 40b is a living human's finger 
or not and to detect the blood alcohol concentration. In this 
manner, the same pulse wave signals (specifically the pulse 
wave signals at the same timing in the same frequency) are 
used for two functions of the determination of whether the 
finger is a living human's finger or not and the detection of the 
blood alcohol concentration. Therefore, the necessity of 
detecting the pulse wave signal for each of the two functions 
is obviated. Accordingly, it is possible to shorten a time in 
which the driver is kept waiting for the measurement of the 
pulse waves. 
0082. As described above, the engine starting controller 1 
detects the pulse waves in the detection part of the body of the 
driver of vehicle with an optical method. Moreover, the 
engine starting controller has sensors 41, 43 for taking vein 
pattern images in the detection part, and a case 40 in which the 
sensors 41, 43 are installed. 
0083. Then, the engine starting controller 1 performs the 
individual certification by determining whether the driver of 
the vehicle is a properly registered person or not based on the 
vein pattern image in the detection part, which is taken by the 
camera 41. Moreover, the engine starting controller 1 calcu 
lates the index value of the blood alcohol concentration (spe 
cifically the waveheight ratio) of the driver based on the pulse 
wave signals in the detection part, which are outputted from 
the light receiving element 43. Then, the engine starting con 
troller 1 detects the blood alcohol concentration by determin 
ing whether the calculated index value exceeds the criterial 
value (specifically the criterial waveheight ratio) of alcohol 
drinking. 
0084. Then, the engine starting controller 1 permits engine 
start of the vehicle when it is determined in the individual 
certification that the driver is a properly registered driver and 
it is determined in the detection of the blood alcohol concen 
tration that the index value does not exceed the criterial value 
of alcohol drinking. 
0085. Furthermore, the driver brings his/her fingertip 
close to the detection window 40b of the optical detector unit 
4 so as to place the fingertip thereon. Accordingly, the sensors 
41, 43 can detect the pulse waves in the detection part, and can 
take vein pattern images in the detection part. That is, the 
sensors 41, 43 take vein pattern images and detect the pulse 
waves when the driver brings his/her fingertip close to the 
detection window 40b of the optical detector unit 4 so as to 
place the fingertip thereon. 
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I0086. In this manner, both of the function of detecting the 
pulse waves in the detection part of the driver for the deter 
mination of the blood alcohol concentration and the function 
of taking the vein pattern images in the detection part of the 
driver for the individual certification are integrated and are 
installed in one case 40. Therefore, it is possible to simplify 
the system configuration of the engine starting controller 1. 
I0087 Furthermore, just by bringing the detection part of 
the body close to the case 40, the driver can perform both of 
the determination of the blood alcohol concentration and the 
individual certification. Accordingly, it is possible to improve 
usability for the driver. 
I0088 Moreover, the case 40 has the depressed portion 
40a, 40b having a shape for Supporting the finger (detection 
part) of the driver. The sensors 41, 43 include the camera 41 
and the light receiving element 43. The light receiving ele 
ment 43 is located closer to the distal end of the finger, which 
is placed in the depressed portion 40a, 40b, than the camera 
41. 

I0089 Intended detection target of the light receiving ele 
ment 43 is the pulse wave in the pulsing Small arteries. In the 
finger 50, the small arteries 51 lie more than the veins 52 in the 
distal side portion of the finger 50, and the veins 52 lies more 
than the small arteries 51 in the proximal side portion of the 
finger 50. Therefore, as mentioned above, the light receiving 
element 43 for detecting the pulse waves is located closer to 
the distal end of the finger 50 than the camera 41 for taking 
images of the veins 52, so that the light receiving element 43 
can detect the pulse waves more securely, and the camera 41 
can take images of the veins 52 more accurately. 
0090 The engine starting controller 1 determines whether 
the detection portion is a living human's body part or not 
based on the pulse wave signals in the detection part, which 
are detected by the light receiving element 43. After the 
determination that the detection part is a living human's body 
part, the engine starting controller 1 determines whether the 
driver of the vehicle is a properly registered driver or not. 
0091. As a way to unfairly avoid the individual certifica 
tion to start the engine, a finger cut off from a properly 
registered person (authorized person) can be brought close to 
the case 40 so as to pass oneself off as the properly registered 
person. In this regard, a detection part of a living human 
(specifically a detection part connected to a living human) has 
a pulsatory motion of arteries. Other detection parts not con 
nected to a living human have no pulsatory motion. There 
fore, as a measure against Such a way to avoid the individual 
certification, it is determined whether the detection part is a 
living human's body part or not based on the pulse wave in the 
detection part brought close to the case 40. Accordingly, it is 
possible to raise accuracy of the individual certification. 
0092. The calculation of the index value of the blood alco 
hol concentration based on the pulse waves will be described 
hereafter. According to an inventors’ experiment, when a light 
has a specific wavelength, a degree of light absorption in the 
Small arteries changes in accordance with the blood alcohol 
concentration. It is considered that this is because alcohol in 
blood (or blood ingredient of which concentration changes in 
accordance with the blood alcohol concentration) principally 
absorbs a light having the specific wavelength. 
0093. Furthermore, according to the inventors’ experi 
ment, the output of the light receiving element 43, which 
reflects the pulsatory motion of the Small arteries, is associ 
ated with the human's blood alcohol concentration. FIG.11 is 
a graph showing the experimental result of a variation of 



US 2010/0036592 A1 

output values of the pulse wave signals. In FIG. 11, the 
Vertical axis indicates the value of the pulse wave signals 
outputted from the light receiving element 43. The horizontal 
axis indicates time (seconds). 
0094. In FIG. 11, a solid line 71 indicates the pulse wave 
signal in the detection part of a test Subject person in response 
to a light having a wavelength of 870 nm. A dotted line 72 
indicates the pulse wave signal in the detection part of the test 
Subject person in response to a light having a wavelength of 
1300 nm. 

0095. As shown in FIG. 11, the same person's pulse wave 
signals greatly changes depending on the wavelengths of the 
light used for the detection. Moreover, the waveheights of the 
pulse waves greatly changes depending on changes in physi 
ology of the test Subject person Such as blood pressure and 
respiration. Here, the waveheight of the pulse wave refers to 
a variation of the pulse wave signals in each wave from a local 
minimum value to a local maximum value. For example, in a 
section 73 in FIG. 11, the waveheights of both pulse wave 
signals in response to the light having the wavelength of 870 
nm and the light having the wavelength of 1300 nm are 
relatively large. In a section 74, the waveheights of both pulse 
wave signals are relatively small. 
0096. However, according to the inventors’ experiment, 
the waveheight ratio between the waveheight of the pulse 
wave signal in response to the light having the first wave 
length and the waveheight of the pulse wave signal in 
response to the light having the second wavelength at the 
same pulse timing of the same test Subject person are approxi 
mately fixed, irrespective of the test subject person's blood 
pressure, respiration, etc. FIG. 12 shows calculation results of 
the waveheight ratio between the waveheight of the pulse 
wave signal of a test Subject person in response to the light 
having the first wavelength and the waveheight of the pulse 
wave signal of the test Subject person in response to the light 
having the second wavelength under the same blood alcohol 
concentration. In this experiment, the first and second wave 
lengths of the lights are 870 nm and 1300 nm. 
0097. In FIG. 12, the horizontal axis indicates the wave 
height of the pulse wave in response to the light having the 
wavelength of 1300 nm. The vertical axis indicates the wave 
height of the pulse wave in response to the light having the 
wavelength of 870 nm. Each dot in FIG. 12 corresponds one 
experimental result. As shown in FIG. 12, in a case where the 
blood alcohol concentration is constant, a square of a corre 
lation coefficient R between the waveheight of the pulse wave 
in response to the light having the first wavelength and the 
waveheight of the pulse wave in response to the light having 
the second wavelength is 0.97. That is, the waveheight of the 
pulse wave in response to the light having the first wavelength 
and the waveheight of the pulse wave in response to the light 
having the second wavelength are in quite strong correlation. 
The waveheight ratio between the waveheight in response to 
the light having the wavelength of 870 nm and the waveheight 
in response to the light having the wavelength of 1300 nm are 
stable approximately at 1.40, which is indicated by a solidline 
in FIG. 12. 
0098. In this manner, the waveheight ratio between the 
two pulse wave signals in response to the lights having the 
first and second wavelengths absorbs intrapersonal differ 
ences caused by changes in blood pressure, respiration, etc. of 
the test Subject person. 
0099 Furthermore, according to the inventors’ experi 
ment, the waveheights of the pulse wave signal in response to 
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a light having a certain wavelength sensitively change in 
accordance with the blood alcohol concentration of the test 
Subject person. In contrast, the waveheights of the pulse wave 
signal in response to a light having another certain wave 
length are little influenced by the blood alcohol concentration 
of the test subject person. That is, there are a wavelength 
having high sensitivity to the blood alcohol concentration and 
a wavelength having low sensitivity to the blood alcohol 
concentration. 

0100. Therefore, the waveheight ratio between the two 
pulse wave signals in response to the lights having the first 
and second wavelengths can be changed in accordance with 
the blood alcohol concentration of the test subject person. 
FIG. 13 shows experimental results of the waveheight ratio 
between the waveheight in response to the light having the 
wavelength of 870 nm and the waveheight in response to the 
light having the wavelength of 1300 nm. 
0101. In FIG. 13, the horizontal axis indicates the wave 
height of the pulse wave in response to the light having the 
wavelength of 1300 nm. The vertical axis indicates the wave 
height of the pulse wave in response to the light having the 
wavelength of 870 nm. In FIG. 13, each triangle corresponds 
to one experimental result of the waveheight ratio of the pulse 
wave of a test Subject person having no alcohol drinking. 
Each circle corresponds to one experimental result of the 
waveheight ratio of the pulse wave of the same test subject 
person having alcohol drinking, whose blood alcohol concen 
tration is 0.036%. 

0102. As shown in FIG. 13, in a case where the blood 
alcohol concentration of the test subject person is 0.036%, a 
square of the correlation coefficient R between the wave 
height of the pulse wave in response to the light having the 
wavelength of 870 nm and the waveheight of the pulse wave 
in response to the light having the wavelength of 1300 nm is 
0.77. In a case where the test subject person had no alcohol 
drinking, a square of the correlation coefficient R between the 
waveheight of the pulse wave in response to the light having 
the wavelength of 870 nm and the waveheight of the pulse 
wave in response to the light having the wavelength of 1300 
nm is 0.89. That is, the waveheight of the pulse wave in 
response to the light having the wavelength of 870 nm and the 
waveheight of the pulse wave in response to the light having 
the wavelength of 1300 nm are in strong correlation. More 
over, in a case where the test Subject person had no alcohol 
drinking, the waveheight ratio between the waveheight in 
response to the light having the wavelength of 870 nm and the 
waveheight in response to the light having the wavelength of 
1300 nm are stable approximately at 1.24, which is indicated 
by a solid line 75. In a case where the blood alcohol concen 
tration of the test subject person is 0.036%, the waveheight 
ratio between the waveheight in response to the light having 
the wavelength of 870 nm and the waveheight in response to 
the light having the wavelength of 1300 nm are stable 
approximately at 1.40, which is indicated by a solid line 76. 
0103) Therefore, there is a tendency that the waveheight 
ratio between the waveheight in response to the light having 
the wavelength of 870 nm and the waveheight in response to 
the light having the wavelength of 1300 nm increases as the 
blood alcohol concentration of the test subject person 
increases. FIG. 14 shows experimental results of a relation 
between the waveheight ratio of the pulse wave signals and 
the blood alcohol concentration. In FIG. 14, a horizontal axis 
indicates the blood alcohol concentration, and a vertical axis 
indicates the waveheight ratio between the waveheight of the 



US 2010/0036592 A1 

pulse wave in response to the light having the wavelength of 
870 nm and the waveheight of the pulse wave in response to 
the light having the wavelength of 1300 nm. Three dots in 
FIG. 14 correspond to experimental results of the relation 
between the waveheight ratio of the pulse wave signals and 
the blood alcohol concentration of the same test subject per 
son. In the experiment of which the results are shown in FIGS. 
11-14, fingertip of the test subject person is used as the detec 
tion part. 
0104. As described above, it is possible to calculate the 
index value of the blood alcohol concentration of the test 
subject person based on the waveheight ratio between the 
waveheight of the pulse wave in response to the light having 
the first wavelength and the waveheight of the pulse wave in 
response to the light having the second wavelength. Specifi 
cally, the waveheight ratio itself can be the index value of the 
blood alcohol concentration. In the above-described experi 
ment example, the waveheight ratio greater than 1.36 
approximately corresponds to a drunken state in which the 
blood alcohol concentration of the test subject person exceeds 
O.O3%. 
0105. In the first embodiment, the control unit 7 compares 
the calculated waveheight ratio with the criterial waveheight 
ratio at step S153 in the flowchart of FIG. 10. In a case where 
the first wavelength of the light is 870 nm and the second 
wavelength of the light is 1300 nm, the control unit 7 can use 
a constant value (for example, 1.36) as the criterial wave 
height ratio. 
0106 The control unit 7 may memorize the data of the 

criterial waveheight ratio in the flash memory for each driver 
of the vehicle. In this case, for each driver who has chances to 
drive the vehicle, the relation between the waveheight ratio of 
the pulse waves and the blood alcohol concentration as shown 
in FIG. 14 is obtained in advance by experiment. Then, based 
on the obtained information of the relation between the wave 
height ratio of the pulse waves and the blood alcohol concen 
tration, the criterial waveheight ratio, which acts as a thresh 
old between the drunken state and a normal state, is 
determined. The determined criterial waveheight ratio is 
memorized in the flash memory of the control unit 7 in 
advance in association with the identification information of 
the driver. 
0107. In the first embodiment, the control unit 7 deter 
mines the blood alcohol concentration from the calculated 
waveheight ratio at step S157 in the flowchart of FIG. 10. In 
the case where the first wavelength of the light is 870 nm and 
the second wavelength of the light is 1300 nm, the control unit 
7 may use the relationship shown in the graph of FIG. 14 as it 
is as the information of the relation between the waveheight 
ratio of the pulse waves and the blood alcohol concentration. 
0108. The control unit 7 may memorize the relation 
between the waveheight ratio of the pulse waves and the 
blood alcohol concentration for each driver of the vehicle in 
the flash memory. In this case, for each driver who has 
chances to drive the vehicle, the relation between the wave 
height ratio of the pulse waves and the blood alcohol concen 
tration is obtained in advance by experiment. Then, the 
obtained information of the relation between the waveheight 
ratio of the pulse waves and the blood alcohol concentration 
is memorized in the flash memory of the control unit 7 in 
advance in association with the identification information of 
the driver. 

Second Embodiment 

0109. A second embodiment of the present invention will 
be described hereafter. The second embodiment is different 
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from the first embodiment where the control unit 7 executes a 
program 200 shown in FIG. 15 instead of the program 100 
shown in FIG. 7. Steps to which the same referential numeral 
is assigned across FIGS. 7, 15 perform the same process, and 
are not repeatedly described hereafter. 
0110. In executing the program 200, if it is determined at 
step S140 that the finger is not a properly registered person's 
finger, the control unit 7 performs a process for receiving an 
input of a password at step S210 that follows the step S140. 
Specifically, the control unit 7 controls the display device 6 to 
display a prompt that prompts an input of a password, and 
waits for the input of the password from the input device 5. 
0111. When the password is inputted by the driver, it is 
determined at step S220 whether the inputted password is a 
properpassword or not. Specifically, the inputted password is 
compared with the proper password that is recorded in the 
flash memory. If the inputted password agrees with the proper 
password, it is determined that the inputted password is 
proper, and the process proceeds to step S145. Otherwise, it is 
determined that the inputted password is not proper, and the 
process proceeds to step S180. 
0112 The proper password is recorded in the flash 
memory by the following methods, for example. First, an 
authorized driver of the vehicle operates the input device 5 to 
resister a password. The control unit 7 waits for an input of the 
password in response to the driver's operation for registering 
a password. When the driver inputs a password through the 
input device 5, the control unit 7 records the inputted pass 
word in the flash memory as the proper password. 
0113. In this manner, when it is determined that the driver 
of the vehicle is not a properly registered driver based on the 
vein pattern image of the finger 50 taken by the camera 41, the 
control unit 7 determines at steps S210, S220 whether the 
password inputted by the driver is a proper password or not. 
0114. Then, the control unit 7 permits engine start of the 
vehicle at step S170 when it is determined that the password 
is a proper password and it is determined that the detected 
index value of the blood alcohol concentration does not 
exceed the criterial value of alcohol drinking (see steps S150, 
S160). 
0115 By executing such a means for avoiding the indi 
vidual certification by verifying a password, a driver who is 
not an authorized driver yet is permitted to drive the vehicle 
by the authorized driver and is informed of the password from 
the authorized driver can start the engine of the vehicle by 
inputting the password even if the individual certification 
with the vein pattern image of the finger 50 has failed, unless 
the index value of the blood alcohol concentration of the 
driver exceeds the criterial value of alcohol drinking. 

Third Embodiment 

0116. A third embodiment of the present invention will be 
described hereafter. The third embodiment is different from 
the first embodiment where the control unit 7 further executes 
a program 300 shown in FIG. 16. The program 300 is a 
program for calculating an amount of autonomic nerve activ 
ity of a driver with the optical detector unit 4, and notifying 
information based on the calculation result to the driver. 
0117 The control unit 7 may start executing the program 
300 at the same timing as the program 100. In this manner, if 
the driver only places the finger 50 in the depressed portion 
40a, 40b of the optical detector unit 4 once, it is possible to 
perform a calculation of the amount of autonomic nerve activ 
ity of the driver in addition to the engine starting control based 
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on the individual certification of the driver and the detection 
of the blood alcohol concentration of the driver. 
0118. In executing the program 300, firstly at step S310, 
the control unit 7 measures the pulse wave signal in the 
fingertip of the finger 50 placed on the detection window 40b 
for a predetermined time (for example, 32 seconds or longer). 
Next, at step S320, a peak or a bottom of the measured pulse 
wave signal is detected. Furthermore, at step S330, the control 
unit 7 calculates a pulse interval of each pulse (that is, a pulse 
interval of each wave in the pulse wave signal) based on 
intervals between the tops or between the bottoms. 
0119) The processes at steps S310-S330 are performed in 
the same way as step S110 in the flowchart of FIG.7. At steps 
S310-S330, the light emitting elements group 42 may irradi 
ate the finger 50 with either the light having the first wave 
length or the light having the second wavelength. Instead of 
executing the processes at steps S310-S330, the control unit 7 
may merely read out the pulse intervals recorded at step S110 
in the flowchart of FIG. 7. 
0120 Next, at step S340, the control unit 7 calculates 
fluctuations of the pulse interval per unit time (specifically per 
one second) based on the obtained data of the pulse interval of 
each pulse. In this calculation, an interpolation process Such 
as spline interpolation is used. Specifically, as shown in FIG. 
17, the obtained data 91a-91e of the pulse interval of each 
pulse is plotted so as to leave an interval in a direction of a 
time axis as much as a length of the pulse interval. The plots 
of the data 91a-91e are connected by a line 90 with an inter 
polation process such as spline interpolation. Then, by using 
the line 90, the data 92a-92e of the pulse interval per unit time 
is obtained. 
0121 Then, at step S350, a frequency analysis of the data 
92a-92e of the pulse intervals per unit time (for example, data 
of 32 pulse intervals per one second), which is obtained as 
described above, is performed with FFT(fast Fourier trans 
form). Accordingly, it is possible to obtain characteristic 
information of a frequency component of the fluctuations of 
the pulse intervals. 
0122) Then, at step S360, among the frequency compo 
nents of the fluctuations of the pulse intervals, a peak value 
P, in a low frequency band (0.04 HZ-0.15 Hz) and a peak 
value P, in a high frequency band (0.15 Hz-0.4 Hz) are 
calculated. 

0123. Then, at step S370, the amount of autonomic nerve 
activity is calculated based on the calculated peak values P. 
P. It is known that the value P, is a quantity reflecting 
variations of amounts of sympathetic nerve activity and para 
sympathetic nerve activity and that the value P is a quantity 
reflecting the amount of parasympathetic nerve activity, 
which acts as a brake of the autonomic nerve activity. 
0.124. Therefore, if an amount of autonomic nerve activity 
Such as P. f(P+P) and P/P, is greater than a refer 
ence range, it is determined that the driver is in a strained or 
excited State. If the amount of autonomic nerve activity is 
smaller than the reference range, it is determined that the 
driver may be dozing. 
0.125. The reference range is an ordinary range of the 
amount of autonomic nerve activity, and is registered in 
advance. There are individual differences in the ordinary 
range of the amount of autonomic nerve activity. In addition, 
the same person's amount of autonomic nerve activity 
changes in accordance with the person's age. Therefore, the 
reference range of each driver of the vehicle is registered in 
advance in the flash memory. 
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0.126 That is, pairs of the identification information of the 
driver (name, identification code, etc.) and the reference 
range of the amount of autonomic nerve activity of the driver 
are recorded in the flash memory. When the execution of the 
program 300 is started, the control unit 7 reads out the refer 
ence range, which is paired with the identification informa 
tion of the driver inputted by the driver through the input 
device 5, from the flash memory. Then, the control unit 7 uses 
the read reference range at step S370 as the reference range of 
the driver. 

I0127. The reference range is registered in the flash 
memory by the following methods, for example. First, an 
authorized driver of the vehicle places his/her finger 50 in the 
depressed portion 40a, 40b of the case 40. Then, the autho 
rized driver operates the input device 5 to register his/her 
reference range and to input his/heridentification information 
(name, identification code, etc.). 
I0128. In response to the operation for registering the ref 
erence range, the control unit 7 repeats the processes at steps 
S310-S360 in the flowchart of FIG. 16 two or more times, so 
as to calculate the amount of autonomic nerve activity two or 
more times at first time intervals. Then, the control unit 7 
records the calculated result in the flash memory as the 
amount of autonomic nerve activity associated with the input 
ted identification information. Such recordings of the amount 
of autonomic nerve activity, which are performed when the 
authorized driver operates the input device 5 to register his/ 
her reference range, are referred to as events hereafter. 
0129. Then, the control unit 7 calculates a mean value M 
and a standard deviation O of the amount of autonomic nerve 
activity of the driver from two or more values of the amount 
of autonomic nerve activity, which are recorded in one or 
more events for each driver. A range between M-f(O) and 
M+f(o) is the reference range. Here, f(o) is a positive value 
that increases as a increases. For example, it is possible to use 
3O as f(O). 
0.130. The above-mentioned events may be repeated for 
the same driver at second time intervals. The second time 
interval is much longer (for example, 100 times longer) than 
the first time interval. For example, the events may be per 
formed once a day and repeated for several days. In this 
manner, it is possible to accurately reflect the reference range 
of each driver. 

I0131 The control unit 7 may determine the reference 
range of a driver from the recorded amount of autonomic 
nerve activity of the driver when the events for the driver are 
performed predetermined repetition times. 
0.132. The control unit 7 may determine the reference 
range of the amount of autonomic nerve activity of the driver 
based on the driver's age, until the events for the driver are 
performed predetermined repetition times. In this case, data 
that associates an age and an ordinary range (that is, the 
reference range) of the amount of autonomic nerve activity of 
an average person having the age is recorded in the ROM or 
the flash memory of the control unit 7. In executing the 
program 300, an age that corresponds to the inputted identi 
fication information of the driver is identified. Then, the ref 
erence range that corresponds to the identified age is retrieved 
from the data that associates the age and the ordinary range of 
the amount of autonomic nerve activity of an average person. 
The identified reference range is used at step S370 as the 
reference range of the amount of autonomic nerve activity of 
the driver. 
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0133. The control unit 7 may identify the age that corre 
sponds to the identification information as follows. First, the 
control unit 7 records the identification information and date 
of birth of the driver having the identification information to 
be associated with each other in the flash memory in advance. 
Based on the current time and the date of birth that corre 
sponds to the identification information, the age of the driver 
corresponding to the identification information is identified. 
The control unit 7 records the information of date of birth of 
the driver corresponding to the identification information in 
response to the driver's input operation of the date of birth 
through the input device 5. 
0134) Next, at step S380, assessment result of the amount 
of autonomic nerve activity at step S370 is notified to the 
driver through the display device 6. If it is determined at step 
S370 that the driver is in a strained or excited state, a voice 
that advises the driver to become relaxed is outputted from the 
display device 6, for example. If it is determined at step S370 
that the driver may be dozing, a loud Voice for awakening the 
driver is outputted from the display device 6, for example. 
0135. At step 380, the amount of autonomic nerve activity, 
which is calculated at step S360, may be recorded in the flash 
memory in association with current date information. In this 
case, the control unit 7 may display the recorded amount of 
autonomic nerve activity on the display device 6 in response 
to a driver's operation of the input device 5 for requesting 
display of the amount of autonomic nerve activity. 
0136. In this manner, the pulses are detected from the 
pulse wave signal, and the amount of autonomic nerve activ 
ity is calculated from the pulse intervals. Then, it is possible 
to call attention of the driver based on the amount of auto 
nomic nerve activity. Moreover, by recording and displaying 
the amount of autonomic nerve activity as daily physical 
condition information of the driver, the driver can use the 
amount of autonomic nerve activity for daily health check. 

Other Embodiments 

0137) Several embodiments of the present invention have 
been described above. However, the scope of the present 
invention should not be limited to the above-described 
embodiments, but includes various modes that realize the 
effects of the features of the invention. 

0.138. In the above-described embodiments, the fingertip 
is used as the detection part. However, the detection part may 
be other parts of the human body (for example, a palm). 
0139. In the above-described embodiments, the wave 
height ratio between the waveheight of the pulse wave signal 
in response to the light having the first wavelength and the 
waveheight of the pulse wave signal in response to the light 
having the second wavelength is used as the index value of the 
blood alcohol concentration. However, a value based on 
waveheights of pulse wave signals in response to three or 
more kinds of lights, of which wavelengths differ from each 
other, may be used as the index value of the blood alcohol 
concentration. 

0140. In the above-described embodiments, the first wave 
length is 870 nm, and the second wavelength is 1300 nm. 
However, the first wavelength and the second wavelength are 
not limited to these lengths. Specifically, as long as the wave 
height of the pulse wave signal in response to the light having 
the first wavelength is changed by blood alcohol concentra 
tion more sensitively than the waveheight of the pulse wave 
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signal in response to the light having the second wavelength, 
the first wavelength and the second wavelength may be any 
lengths. 
0.141. In the driving prohibition process (at step S180), ifa 
key is inserted in a key cylinder of the vehicle and is set at an 
engine starting position, the engine may be started by con 
trolling the engine start Switch 3. 
0142. In the above-described embodiments, the control 
unit 7 realizes the individual certification by taking a vein 
pattern image in the fingertip with the camera 41 and com 
paring the taken vein pattern image with registered vein pat 
terns. Alternatively, the individual certification may be real 
ized by taking a fingerprint of a fingertip with the camera 41 
and comparing the taken fingerprint pattern with registered 
fingerprint patterns. 
0143. In the above-described embodiments, each function 
is realized by executing a program by the control unit 7. 
Alternatively, it is also possible to realize the function with a 
hardware having the function (for example, a FPGA of which 
circuit configuration is programmable). 
0144. Additional advantages and modifications will 
readily occur to those skilled in the art. The invention in its 
broader terms is therefore not limited to the specific details, 
representative apparatus, and illustrative examples shown 
and described. 

What is claimed is: 
1. An engine starting controller mounted on a vehicle, 

comprising: 
a sensor for detecting a pulse of a driver of the vehicle at a 

detection part of a body of the driver with an optical 
method, and taking an image of the detection part; 

a case in which the sensor is installed; 
an individual certification means for determining whether 

the driver of the vehicle is an authorized person or not 
based on the image of the detection part taken by the 
Sensor, 

an alcohol concentration determiner for calculating an 
index value of a blood alcohol concentration of the 
driver based on the pulse detected at the detection part by 
the sensor, and determining whether the index value 
exceeds a criterial value of a drinking assessment or not; 
and 

a permission means for permitting the driver to start an 
engine of the vehicle when it is determined by the indi 
vidual certification means that the driver of the vehicle is 
the authorized person and it is determined by the alcohol 
concentration determiner that the index value does not 
exceed the criterial value of the drinking assessment, 

wherein the sensor is configured to detect the pulse of the 
driver at the detection part and to take the image of the 
detection part when the driver brings the detection part 
close to the case. 

2. The engine starting controller according to claim 1, 
wherein: 

the detection part is a finger of the driver of the vehicle: 
the case has a depressed portion for Supporting the finger of 

the driver; 
the sensor includes a light emitting element for emitting a 

light, a camera for taking the image of a vein pattern of 
the detection part with the light that is emitted from the 
light emitting element and has passed through the detec 
tion part, and a light receiving element for taking an 
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intensity of the light that is emitted from the light emit 
ting element and has passed through the detection part; 
and 

the light receiving element is located closer to a distal end 
of the finger placed in the depressed portion than the 
CaCa. 

3. The engine starting controller according to claim 1, 
wherein: 

the individual certification means determines whether the 
detection part is a living human's body part based on the 
pulse detected at the detection part by the sensor; and 

the individual certification means determines whether the 
driver of the vehicle is the authorized person or not on a 
condition that the detection part is determined to be the 
living human's body part. 

4. The engine starting controller according to claim 1, 
wherein: 

the individual certification means determines whether a 
password inputted by the driver of the vehicle is a proper 
password or not when the driver of the vehicle is deter 
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mined not to be the authorized person based on the 
image of the detection part taken by the sensor; and 

the permission means permits the driver to start the engine 
of the vehicle when it is determined by the individual 
certification means that the password is the proper pass 
word and it is determined by the alcohol concentration 
determiner that the index value does not exceed the 
criterial value of the drinking assessment. 

5. The engine starting controller according to claim 1, 
further comprising: 

an autonomic nerve activity calculator for calculating an 
amount of an autonomic nerve activity of the driver 
based on the pulse detected at the detection part by the 
sensor, and 

an autonomic nerve activity notification means for notify 
ing an information based on the amount of the auto 
nomic nerve activity calculated by the autonomic nerve 
activity calculator. 


